The Space Congress® Proceedings

1974 (11th) Vol.1 Technology Today for
Tomorrow

Apr 1st, 8:00 AM

Instrumentation And Data Processing -A Look To The Future
Paul L. Hexter
Chief, Radar Meteorological Staff, National Weather Service, Silver Spring, Maryland

Follow this and additional works at: https://commons.erau.edu/space-congress-proceedings

Scholarly Commons Citation
Hexter, Paul L., "Instrumentation And Data Processing -A Look To The Future" (1974). The Space
Congress® Proceedings. 1.
https://commons.erau.edu/space-congress-proceedings/proceedings-1974-11th-v1/session-5/1

This Event is brought to you for free and open access by
the Conferences at Scholarly Commons. It has been
accepted for inclusion in The Space Congress®
Proceedings by an authorized administrator of Scholarly
Commons. For more information, please contact
commons@erau.edu.

INSTRUMENTATION AND DATA PROCESSING - A LOOK TO THE FUTURE

Paul L. Hexter
Chief, Radar Meteorological Staff
National Weather Service
Silver Spring, Maryland
INTRODUCTION

Heretofore in meteorology, automation
efforts have focused on the instrumentation
used for taking observations and on the use
of numerical methods for predicting weather.
Little effort has "been spent on automating
the functions of the field forecaster.
Teweles (1970) describes the Data Acquisition Feedback Loop wherein "messages and
sequences of messages are filtered, sorted,
and then relayed to various destinations
via any of a dozen or more radio or teletypewriter circuits." He stated, "This
operation, which in the past has accounted
for serious delays and countless human
errors, is now a prime target for complete
automation." Current efforts in automating meteorological systems will be
included in a broader automation concept
which encompasses the work of the forecaster. The new concept is called AFOS,
for Automation of Field Operations and
Services.
AUTOMATION OF DATA ACQUISITION SYSTEMS

All weather forecasts require observations
for input. The human is an integral part
of the data acquisition system which
obtains these observations. Particularly
in the surface observation area, it is
unlikely in the foreseeable future that
the human will be replaced. Sensors have
yet to be designed which can adequately
measure the visual elements of the
observation. However, pressure, temperature, and wind observations can easily be
automated. Automation is relatively
straight-forward in the processing of
radiosonde and radar data. Here also,
current efforts have resulted in the
development of semiautomatic systems
rather than full automation. Examples
of these systems are described below:
A.

and reports air temperature, dew point
temperature, wind speed and direction,
pressure, precipitation amount and precipitation occurrence. The observer may
use a manual input and remarks device to
add visual elements and pertinent remarks
to the report. The data processor contains one circuit board for each element,
plus a clock module and a teletypewriter
module. Pulse duration, pulse count, or
yes-no signals from the sensors are converted to appropriate units, averaged
where necessary, and composed for teletypewriter transmission. The AMOS III
type of station is limited to AC power
availability and office environment for
the processor. At this writing, 16 AMOS
III-70 f s have been delivered to the NWS
and 50 AMOS I11-73 f s are on order.
Another system, the Remote AMOS (RAMOS)
is designed for use at isolated locations
where commercial power is not available.
A RAMOS system consists of a central
station and one or more field stations.
The central station utilizes a minicomputer to interrogate the field stations,
process the data, and transmit the
observations. Transmission may be by
telephone, radio, or satellite relay. The
design of suitable sensors for AMOS and
RAMOS type stations has been a continuing
challenge.
B, Automation of Upper Air Observations
Upper air observations require a large
number of repetitious and routine calculations to reduce the raw data to the
required values. Upper air observations
are, therefore, a good prospect for automation. Semiautomation of the upper air
observation, in which the observer
extracts significant data from the paper
records and enters it into the computer,
is being implemented at NWS upper air
stations (Goldenberg, 1972). Some
potential advantages are:

Automation of Surface Observations

1. Reduction in the manpower required for
working up the sounding with resulting
cost savings.

Several models of automatic meteorological
observing stations (AMOS) have been
developed. The AMOS 11-70 (Hexter and
Waters, 1968) and its newer version AMOS
HI-73 are designed to supplement, rather
than replace, human observations. As
many as 13 elements can be measured.
Without observer attention, it measures

2. Computed data available more quickly
than with manual techniques,
3. More accurate real time and climatological data than are presently obtained.
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A*

4, A digital output more suitable than
the present output for machine processing
for climatological purposes.
Of three general alternative automotive
concepts, centralized, regional, and Gustation computations, the NWS has chosen
the on-station computer as the primary
system with regional (time-share) as backup.
The observer uses the computer to continuously monitor the data processing up to
the point where the coded message is
transmitted on the normal communications
channels. Because the computer operates
in a two-way conversational mode, errors
in the data can be easily detected and
corrected by the observer using the computer programs provided.
Use of an on-station computer is the only
practical method of automating observations
at most isolated upper air stations, and
the cost of a minicomputer system is
less than $15,000 in quantity; the NWS is
purchasing these systems for all 98 NWS
upper air locations..
C.

Automation of Radar Data

The NWS digitized radar experiment
(D/RADEX) has shown that the automation
of radar data processing is feasible
(McGrew, 1972)* As in surface and upper
air programs, only a partial degree of
automation is realized. In D/RADEX, the
WSR-57 radar VIP (video integrator and
processor) output of averaged echo
intensity is fed to a minicomputer through
an interface* Outputs are provided for
teletypewriter and communications circuits.
One product is an '"i, j matrix11 of
intensity values on a scale of 1-9, each
number representing an intensity or rainfall rate" in a 3 x 3,n.mi. square. This
map resembles somewhat the familiar plan
position indicator (PPI) radar presentation. Other programs which compute rainfall amounts and echo motion are also
handled by the minicomputer. Routines to
provide echo-top measurements and list
locations and telephone numbers of ground
observers near severe local storms are
among planned routines. D/RADEX should
facilitate the compositing of several
radar displays for regional and national
maps* On-station, the D/RADEX equipment
will be used as an observer aid. For
example, it may assist the radar observer
in rapid diagnosis of small-scale severe
weather. There are 5 test sites at
present* Procurement of operational
systems for additional sites is planned
in about 2 years.
TO...... THE

Objectives

The current efforts in automation described above are related to observations.
Numerical weather prediction techniques
utilize computer processing on a huge
scale to automate the production of current
meteorological analyses and prognostic
charts. Another area ideally suited to
automation is field operations and services.
This area deals primarily with the forecaster at the field offices. Geil (1974)
states the Automation of Field Operations
and Services (AFOS) Program "has been
established to provide a focus for the
introduction of modern technology to the
field operations of the National Weather
Service*'1 The basic objectives of AFOS
are as follows:

- AFOS
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1. Automate the sensing, preprocessing,
and delivery of the data basic to the
development of products and services.
2. Automate the monitoring of existing
and developing weather conditions.
3. Automate the storage, retrieval and
display of raw data and intermediate
products.
4. Streamline and enhance, through
automation, the actual production of forecasts.
5. Automate, to the maximum extent
feasible, the dissemination of weather
and hydrologic services to external users.
Each of these functions is now, with few
exceptions, accomplished manually, AFOS
will provide substantial, technical
assistance to the forecaster and relieve
him of menial, time-consuming tasks.
Fewer errors, fewer time delays, and
better forecasts and warnings should
result.
B* Communications Links between Weather
Offices
Essential to the AFOS concept is the
linkage together of minicomputers at
weather offices with a high-speed data
communications loop. The 50 National
Weather Service Forecast Offices (WSFO's)
will be connected with each other and with
4 National Centers (National Severe Storms
Forecast Center, National Hurricane Center,
National Meteorological Center, National
Climatic Center) by means of the National
Digital Circuit (NDC). This full duplex,
voice grade, circuit will carry all field
data to the National Centers, all
National Center products to the field
offices, and all inter-WSFO communications.
All these data, whether in alpha-numeric
or graphic form, will be available to
every "node 11 on the NDC, Each node per
forms a store-and/-forward operation on

calls up relevant information - radar,
satellite, and rainfall reports; for
example, for display on his screen. He
composes his warning with the aid of a
standard format, and releases the warning
to appropriate channels with the press of
a button.

every data item-received from either
direction on the NDS. Theoretically, the
NDC can handle over 200 million data bits/
day. All present NWS communication systems
combined carry only 40 million data bits/
day, much of which is redundant.
The WSFO minicomputer will also distribute
data within its forecast area to NWS
offices; i.e., major Weather Service
Offices (WSO's), River Forecast Centers
(RFC's), and Weather Service Meteorological
Observatories (WSMO's) with radar or upper
air facilities. In turn, these offices
will have direct access to the WSFO minicomputer.
C.

E.

Stage A - The WSFO node with its internal
functions and its interface, via the NDC
with the NMC.

Data Processing and Display Equipment

Data storage, retrieval, and display will
be performed by minicomputers at the WSFO's,
WSO' s , and RFC ! s . The minicomputer , along
with mass storage units and a variety of
area communication interfaces for both
data collection and dissemination, will be
packaged together in a Supervisor Console.
Data display and message composition
activities will be accomplished on the
Forecaster Console. This console for use
by the WSFO forecaster will have 4 graphic
TV-type displays and the necessary keyboards for data call-up and display and
for message composition. Special versions
of the Supervisory Console and Forecaster
Consoles will be provided at WSO's and
RFC's to handle the different amounts and
kinds of data there. Any product or data
set in the system can be quickly called
up for display on any one of the console
TV monitors, all of which can be used
simultaneously. At each console, a typewriter keyboard for entry of data enables
the operator to compose alphanumeric
messages on one of the TV monitors.
D.

Program Plan

The AFOS program plan has been divided
into 3 basic stages:

AFOS and the Forecaster

Today's forecaster must sift through
many facsimile maps and teletypewriter
reports in the course of preparing a forecast. Most of his time is consumed in
housekeeping duties rather than in
actually preparing a forecast. This will
all change with AFOS. The forecaster will
be able to call up the analyses or other
data which he needs on the 4 monitors on
his console. He will be able to call up
a standard format and fill in the blanks
to complete his forecast. Alternatively,
he can produce a completely new text. To
release his message for transmission, he
needs only to press a button. If sudden
changes in weather conditions require an
updated forecast, the minicomputer
monitoring system will alert the forecaster to these changes. This monitoring
system also alerts the forecaster to the
more serious conditions requiring issuance
of a warning. Once alerted, the forecaster
5-15

Stage B - The intra-forecast area data
acquisition, distribution, and dissemination functions, and the introduction of
GOES satellite data into the system.
Stage C - On- site computer applications
and general housekeeping.
An AFOS model facility will be established
at NWS Headquarters to conduct various
tests and experiments. The Stage A model,
to be installed during the period May to
July 1974, will consist of all hardware
and software envisioned for a field
operating WSFO, including an operating
interface with the NMS, plus facilities
for the collection of data from automatic
weather stations and from river and rainfall gages. In FY?4 our goal is to procure 4 Stage A test systems with installation at WSFO's in FY75- Also, Stage B
model design should be completed in FY75Full-scale implementation is planned by
1980.
SUMMARY
Automation of observations in the NWS is
progressing under the AFOS concept.
Thanks to the minicomputer, we are able
to apply today's technology in the automation of data collection, analyses, forecast and warning processes. Throughout,
the emphasis is on assisting, not replacing, the forecaster. Automation will
eliminate routine tasks leaving the forecaster more time to apply his scientific
skills to his work. The end result will
be marked improved services to the public,
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